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DFT+U descriptionNowadays, it had been discovered that spontaneous spin polarization that increases the magnetization
interest, particularly in the perovskites oxides. The First-principle calculation has played an important
role in most of the modeling and simulation studies investigated. The DFT-GGA and DFT + U–GGA + U
(Density Functional Theory-Generalized Gradient Approximation and the Density Functional Theory with
the corrected U-Hubbard Hamiltonian–Generalized Gradient Approximation + U-Hubbard term) are
introduced here to compute the YMnO3 perovskite oxide using the Wien2K code. New theoretical model
on the electronic structure and the spin effect is given for the considerable oxide by investing the cubic
phase. Different magnetic conﬁgurations (ferromagnetic and anti-ferromagnetic) are given for this type
of structure. The implementation of the U-Hubbard term in our calculation allows more comprehension
on the YMnO3 behavior and has ameliorated the obtained results. The lattice parameter of the hexagonal
4H-four layered structure is also given. We aim to compare between the two approaches employed in the
present paper GGA and GGA + U, whereas we show that the (U-J) term has played the important role in
the current study. The magnetic moment is also calculated using both approaches and discussed. Our
results agree very well with the theoretical and experimental data. The considerable perovskite oxide
exhibits the A-type anti-ferromagnetic (A-AFM) character.
 2013 The Authors. Published by Elsevier B.V. Open access under CC BY-NC-ND license.1. Introduction
It had been witnessed, in the last few years, that researchers
had been continuously interested in the study of the magnetic
materials; especially the magnetic oxides which adopt the ABO3
formula have a considerable attention (see (Fig. 1)). In this struc-
ture, we found that the B atom is the manganese (Mn) element,
or the ferrite (Fe). These materials show speciﬁc physical proper-
ties: piezoelectric, dielectric, ferromagnetic, multiferroism etc.
The multiferroic oxides have attracted the greatest attention, they
display the ferroelectric and the ferromagnetic properties, many
advantages have undergone the contemporizing technology for
this new way, many researchers have reported different papers
on their subjects. The existence of both charge and spin in electronopens up existing possibilities of both speciﬁc properties of the fer-
roelectric and ferromagnetic ones within a harness character in the
same compound. On the other hand, very recently the DFT + U
description has increased the theoretical progress in order to com-
pute the ground state properties of the solids using the ab initio
calculation, especially in the ABO3 oxides well known with their
ideal cubic structure within magnetic elements (Mn, or Fe), this
structure has been termed as an inorganic chameleon due to its
large ﬂexibility [1]. Many different compounds take it or a related
structure since the mother structure easily distorts, adapts to rela-
tive size of the ions forming the compound [2,1]. The multiferroic
character has been extensively studied last year [3–6], they are
investigated in different potential applications including multiple
state memory elements [7], or novel memory media which might
allow writing of a ferroelectric data bit and reading of the magnetic
ﬁeld generated by association, in the sensors [8], information stor-
age [9], non-volatile memory, the spintronic ﬁeld [10], catalytic
activities [11], superconductors [12], etc. The correlation between
spin, electronic and lattice subsystems in these oxides result in a
colossal magneto-resistance phenomena [13,14]. The present work
Fig. 1. The ideal perovskite oxide with ABO3 formula.
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oxide, well known as orthoferrite oxide [15–18], as it was reported
in different researchers’ works, such as Iliev et al. [15], who men-
tioned that upon annealing under high pressures, however YMnO3
can be converted to its orthorhombic phase space group Pnma, also
they reported that the latter structure is typical for RMnO3 com-
pounds with R of larger ionic radius (R5La, Ce, Pr, Nd, Sm, Eu, Gd,
Tb, or Dy) [19,20]. Our oxide is known with the hexagonal struc-
ture (abbreviated as h-YMnO3) as one of the best known examples
of multiferroics. H-YMnO3 [20–23], with a low dielectric constant
of 20 and a remnant polarization (Pr) of 5.5 lC/cm2 in a single crys-
tal form, is a new candidate for metal–ferroelectric–insulator–
semiconductor ﬁeld-effect transistors (MFIS-FET) [20,24,25]. The
hexagonal form is obtained when standard ambient pressure solid
state synthesis conditions are used. This form has Mn3+ ions coor-
dinated by ﬁve oxide ions [21], forming a trigonal bipyramid. The
Y3+ ions are coordinated by eight oxide ions (six equatorial oxygens
from two symmetry equivalent sites and two in equivalent apical
oxygen’s). The bipyramids are tilted with respect to the c-axis
and the two Y–O apical bond lengths for each yttrium site are un-
equal, as a result of this, as it is reported in the Yangxue et al. work
[20], these types of materials are investigated as future nonvolatile
memory devices with a nondestructive readable function. Besides,
h-YMnO3 may be an interesting candidate for an active laser
medium because of the luminescence properties of Mn3+ ion, as re-
ported by Kück et al. [20,26]. Martí et al. have mentioned in their
published paper [27], that the orthorhombic phase of YMO is meta-
stable in bulk, and it forms only when high pressures are applied4
or by soft chemistry techniques [27–29]. They reported also that
these compounds can be present either in hexagonal or ortho-
rhombic structure, depending on the size of the R3+ cation
[27,30], this phase can be also stabilized in YMO thin ﬁlms under
compressive epitaxial stress [27,31,32]. Alessio Filippetti and
Nicola A. Hill work [33] have studied it, they say that the strong
coupling between magnetic and electric order parameters is of
particular interest in the manganites of yttrium and the smallerrare earths at the right hand side of the lanthanide series, where
they showed that in this material the hexagonal perovskite struc-
ture is the lowest energy structure. However the metastable ortho-
rhombic cubic perovskite phase can be regained by annealing at
high pressure [34], different space groups are reported to our oxide
by Rykov et al. work [35], (P4/mmm, P4/nmm, Pm-3m, Icma and P2/
m). In the present paper, we give a wide study on the theoretical
investigation of the YMnO3 character, chemical bonding nature,
the correlation between its spins, with a new DFT + U description
to the structural, electronic, the magnetic and the spin effect with-
in the new approach GGA + U-DFT compared to the GGA-DFT calcu-
lation, where the U-Hubbard term is added to examine the ground
state properties with efﬁciency. Many researchers such as Hill et al.
[36], and many others have investigated YMnO3 oxide in both the
orthorhombic and the hexagonal structure as we have reported be-
fore, but also the work given by Alessio Filippetti and Nicola A. Hill
have examined it in the cubic structure in a comparative context
with the hexagonal one. We noted that strong Jahn–Teller (JT) lat-
tice distortions were also observed [37,38] for the orthorhombic
phase of the oxide YMnO3, also may assume a similar situation
for hexagonal YMnO3 which also has Mn+3 (d4) ions. Indeed small
magneto-electric and magneto-resistive effects were also detected
in the hexagonal YMnO3 from the observation of anomalies in the
dielectric constant and loss tangent [37]. In this paper, we studied
the magnetic properties and the spin effect on this oxide which has
attracted many researchers. Hill and Filippetti [36] give an expla-
nation for the occurrence of magnetic spin polarization when they
say that is the subject to the opposite requirement and there must
be ﬁlled transition metal d states. According to the usual Stoner
model [37], the fundamental driving force for local spin polariza-
tion is the exchange energy, which is minimized if all the electrons
have the same spin. Opposing the alignment of spins increased the
band energy involved in transferring electrons from the lowest
band states (occupied equally with up- and down-spin electrons)
to band states of higher energy. The exchange effect dominates
over the band energy only in narrow bands, such as those arising
FM (a)
G-AFM (c)
A-AFM (b)
Fig. 2. Three magnetic conﬁgurations considered for the cubic structure of our perovskite oxide YMnO3: (a) Ferromagnetic (FM), (b) A-type anti-ferromagnetic (A-AFM), and
(c) G-type anti-ferromagnetic (G-AFM).
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energy. We represented here the YMnO3 behavior in both cubic
phases especially within different magnetic conﬁgurations
non-spin polarized (non-magnetic NSP), ferromagnetic (FM), and
the anti-ferromagnetic (AFM) character within two types A and
G, also we treated the 4-hexagonal structural properties of our
oxide in order to conclude. The implementation of the new ap-
proach GGA + U shows the Coulomb interaction inside the d-states
which can play an important role in the orbital systems of both
elements the manganese (Mn) and yttrium (Y), the U-Hubbard
Hamiltonian has ameliorated our results. It shows the d-states
behavior very well in comparison with the results obtained by
the (GGA) approach. The three magnetic conﬁgurations considered
for the cubic phase (FM, A-AFM, and G-AFM) are illustrated in Fig. 2.2. Model and method in the computational details
2.1. Models
The YMnO3 perovskite oxide crystallized in the hexagonal
structure with the P63/mmc at 1273 K, as it was reported in differ-
ent theoretical data. Alexandra et al. [22] have reported that in the
temperature range 1403–1273 K, the considerable YMnO3 oxide
exists in the P63/mmc phase. Our oxide has been investigated in
several theoretical and experimental works, also in different
domains. YMnO3 is considered as a non-volatile memory device
element, and it can be grown epitaxial on SiO2 [39,40]. To under-
stand the microscopic mechanisms of the ordering of all hexagonalRMnO3 [39], the measurements of the pyroelectric current [39,41]
of YMnO3 showed that the TFE 933 K, is several hundred degrees
lower than the transition to the HT centrosymmetric state at TIP
1273 K, this phenomena is observed by X-ray diffraction
[39,42]. This temperature was reported in many other works
[22,43]. These researchers studied the hexagonal phase of the
YMnO3 oxide. The ideal cubic structure with the ABO3 form for
the YMnO3 oxide is also discussed and reported recently. Nicolas
et al. and many others [35–37] have investigated important studies
with the cubic structure for our oxide, which is designated by the
Pm-3m space-group, whereas the A site-cations are typically larger
than the B-sites cations and similar in the size to the O anions. In
the present paper, we investigated both the hexagonal and cubic
phases for the YMnO3 perovskite oxide. Different magnetic conﬁg-
urations are given for the cubic phase (NSP, FM, A-AFM, and
G-AFM). We noted that the non-spin polarized (NSP) and the ferro-
magnetic (FM) conﬁgurations are designated by the Pm-3 m space
group, whereas the A-type anti-ferromagnetic (A-AFM) and the
G-type anti-ferromagnetic (G-AFM) magnetic conﬁgurations are
designated respectively by the P4/mmm and the Fm-3m spaces
groups.2.2. Methods
Our calculations were performed using the Wien2K package
[44]. This code consists of an implementation of hybrid full poten-
tial linear augmented plane wave besides local orbitals (L/APW + lo)
[45–47] method within the density functional theory DFT [48],
222 M. Derras et al. / Results in Physics 3 (2013) 219–230[49]. The present work is based on the DFT + U description, where
new bases are employed. The U-Hubbard Hamiltonian played an
important role, the corrected term added has extensively in-
creased our results. Very recently, the density functional theory
DFT used new approaches in order to give accurate results, also
to solve all the problems of behavior systems. Using a smaller basis
set size, it dues to the smaller basis set and faster matrix setup,
whereas the APW + lo offers a shorter run-time. On the other hand,
it uses less memory than LAPW, where their effects are greater for
calculations with a large ratio of basis functions of atoms e.g. for
open crystal structures, surfaces and molecules on surfaces [50].Fig. 3. (a) The calculated total energy (eV) as a function of volume (bohr3) within differen
conﬁguration (FM) of the YMnO3 oxide. (b) The calculated total energy (eV) as a function o
and G-type anti-ferromagnetic (G-AFM) magnetic conﬁgurations respectively.Nowadays, it will be classical to use the LSDA or GGA approxima-
tions to compute complex systems in any material. It will be more
necessary to treat, especially, the transition metal oxides systems,
particularly which possess the d and f states by introducing the
corrected exchange and correlation potential. The new Hubbard
Hamiltonian allowed these facilities. Very recently, two ap-
proaches LSDA + U and GGA + U are used. Both approaches treat
speciﬁcally the complex interaction in the all systems studied,
they give more comprehension. The present work is given in order
to show the differences between GGA and GGA + U methods. We
noted that these approaches are introduced on the self-consistentt values of the U-Hubbard (U = 0.18, 0.27, 0.34, and 0.49) term for the ferromagnetic
f volume (bohr3) for the ferromagnetic (FM), the A-type anti-ferromagnetic (A-AFM)
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principle [51], which treats the mufﬁn-tin spheres, where the
space is divided into two regions. Near atoms all quantities of
interest are expanded in spherical harmonic, whereas in the inter-
stitial region plane waves are expanded. The choice of sphere
radius Rmt facilitates the convergence of this expansion. We have
taken the values of 2.4, 1.8 and 1.5 bohr for the Yttrium, Manga-
nese and Oxygen respectively as the MT radii. The APW + lo
method expands the khon-Sham [49] orbitals inside the atomic
mufﬁn-tin (MT) spheres and plane waves in the interstitial region.
The full-relativistic approximation without spin–orbit effects was
employed in the calculation of the valence states, whereas the core
levels were treated fully relativistically. The basis set inside each
MT sphere [52,53], is split into core and valence subsets, whereas
the core states are treated within the spherical part of the poten-
tial only and are assumed to have especially symmetric charge
density, totally conﬁned inside the MT spheres. To ensure high
accuracy, the k-point densities and plane wave cutoff energy are
increased until convergence. The dependence of the total energy
on the number of k-points in the irreducible wedge of the ﬁrst
Brillouin zone (BZ) has been explored within the linearized tetra-
hedron scheme by performing the calculation for 84 k-points of
14  14  14 meshes, equivalent to 3000 k-points in the entire
Brillouin zone (BZ). In our calculation the self-consistent calcula-
tion is considered to be converged only when the calculated total
energy of the crystal is converged to less than 1mRyd. The wave
has an expansion with Rmt.Kmax equal to 7. The total density of
states (DOS) was obtained using a modiﬁed tetrahedron method
of Bloch et al. [50]. Two factors are taken into consideration to en-
sure the calculation, the U-Hubbard term and the J factor. We used
the rotationally invariant version of the LDA + U method with an
effective value of the Hubbard parameter Ueff = U  J. We have
taken 0.18 eV as the value of the U-Hubbard term; this value is
chosen after a test made with different values 0.18, 0.27, 0.34
and 0.49 eV (see Fig. 3a). Another work has been made by Novak
et al. [54], they showed the description of 3d-Mn electrons, the
notation U  Ueff is used, but it should be kept in mind that we
are dealing with the effective U which is somewhat smaller than
the Hubbard parameter as J/U 0.1–0.2. To see how the results
depend on U, four values U = 3, 6, 9 and 12 eV were employed in
addition to the LSDA calculation which corresponds to U = 0,
where he performed the calculation only by two values 3 and
6 eV. He also reported that from their analysis of the inelastic scat-
tering data Jnn was estimated to be 6 meV, while Jnn 7.6 meV was
obtained from temperature dependence of the susceptible, these
analyses were obtained using LDA and LDA + U. Our calculation
was performed using the new approach GGA + U, where we found
that the under energy is given by the 0.18 eV. The optimization ofTable 1
The equilibrium lattice parameter (a, c in Å), volume (Å3), bulk modulus (B, in GPa), and
different magnetic conﬁgurations NSP, FM, A- AFM, and G-AFM, respectively obtained usi
Oxide Conﬁguration a (Å)
Present work
YMnO3 NSP GGA 3.7044a
FM GGA 3.8219a
GGA + U 3.8569a
A-AFM GGA 3.8129a
GGA + U 3.9216a
G-AFM GGA 3.0698a
GGA + U 3.7508a
Theoretical data
FM 3.95c
3.84c
a Values obtained from the present work.
c Ref. [33].the curve volume vs. total energy is ﬁtted by the Murnaghan equa-
tion [55].
3. Results and discussions
3.1. Structural properties
3.1.1. Crystal structure
The ideal cubic crystal structure is well known, it was desig-
nated with the Pm-3m space group whereas the atomic positions
for this structure are Y (0, 0, 0); Mn; 1b (1/2, ½, ½), and O; 3d (0,
0, ½). The hexagonal four-layered (4H) structure considered in this
work is designated by the P63/mmc space group, whereas the
atoms are positioned at Sr1 (0, 0, 0), Sr2 (1/3, 2/1, 1=4), Mn (1/3, 2/
3, 0.6122), O1 (1/2, 0, 0), and O2 (0.1807, 0.3614, 1=4). We noted
that the YMnO3 oxide is well known as orthoferrite oxide, where it
crystallized in the orthorhombic Pn-ma structure. In the present
work, we have the opportunity to investigate it in the cubic struc-
ture within different magnetic conﬁgurations (ferromagnetic (FM),
A-type anti-ferromagnetic (A-AFM), and G-type anti-ferromagnetic
(G-AFM)). We report also the non-spin polarized and the ferromag-
netic conﬁgurations of the hexagonal 4H structure.
3.1.2. Structural phase stability
Yttriummanganese oxide is found to exhibit different structural
transitions; it was well known as a ferroorthorhombic structure.
Many works have also signed that this oxide is hexagonal with lat-
tice cell (P63/mmc) at 1273 K [56,57]. In spite of the large differ-
ence between the ferroelectric and magnetic ordering
temperatures, the observation of anomalies in the dielectric con-
stant and loss tangent in YMnO3 is indicative of coupling between
the ferroelectric and magnetic order [56,58]. Nuprinderjeet et al.
[59] reported that rare earth manganese oxide RMnO3 form in
two crystallographic structures depending on the ionic radius of
the rare-earth element. For rare-earth element with smaller ionic
radius (for example Ho, Er, Tm, Yb, Lu, and Y) the structure is hex-
agonal [59,60], while the orthorhombic perovskite structure is
found for rare earth element with larger ionic radius [59,61,62]
i.e. (La, Pr, Nd, Sm, Eu, Gd, and Tb). The former with R@Y, Er and
Yb has a ferroelectric transition at high temperature and an anti-
ferromagnetic transition at low temperature, and they are called
ferro-electromagnets [59,63]. Most hexagonal manganites are fer-
roelectric below a very high temperature (Tc < 1000 K) and order
magnetically at a lower temperature (TN < 100 K) [59,64]. The hex-
agonal YMnO3 oxide and rare-earth manganites with the overall for-
mula RMnO3 (R@Y, Ho, Er, Tm, Yb and Lu) are ferro-electromagnetic
compounds possessing both magnetic and ferroelectric ordering,
they are multiferroic. These compounds have anti-ferromagneticits pressure derivative B0 , for YMnO3 oxide in the cubic perovskite structure within
ng GGA and GGA + U approaches.
c (Å) V (Å3) B (GPa) B’
– 340 233a 4.3a
– 388 325a 6.9a
– 387 198a 4.7a
3.8126a 704 110a 1.2a
3.9213a 704 110a 1.2a
– 706 210a 4.6a
– 712 199a 4.2a
– – – –
224 M. Derras et al. / Results in Physics 3 (2013) 219–230properties with TN < 80 k. The ferroelectric transition in these man-
ganites occurs at a high temperature (600–900 K), where the polar
space group P63/cm is replaced by the centrosymmetric group P63/
mcm. At 1273 K [22,43] another phase transition is found in the
crystal structure with a smaller hexagonal lattice cell (P63/mmc).
The Gibbs et al. study [65] was aimed at resolving previous uncer-
tainties regarding the nature of the paraelectric–ferroelectric tran-Fig. 4. The calculated GGA band structures and the total and partial densities of states
Table 2
The equilibrium lattice parameter (a, c in Å), bulk modulus (B, in GPa), and its pressure deriv
obtained using GGA and GGA + U approach.
Material Conﬁguration Space group
Present calculation
YMnO3-4H NSP GGA P63/mmc
FM GGA
GGA + U
Theoretical data
Exp.
Theo.
a Values obtained from our calculations.
c Ref. [78].
d Ref. [79].
e Ref. [43].
f Ref. [33].sition and the possibilities of any secondary structural transitions,
where they observe a clear transition at 1258 ± 14 K corresponding
to a unit cell tripling and a change in space group from centrosym-
metric P63/mmc to polar P63cm, whereas data mentioned that
hexagonal YMnO3 is an archetypal multiferroic material that
exhibits spontaneous polarization below the ferroelectric transi-
tion temperature of TcFE  930 K[66] and antiferromagneticrespectively for cubic YMnO3 oxide in the non spin polarized (NSP) conﬁguration.
ative B’, for h-YMnO3 oxide within two different magnetic conﬁgurations NSP, and FM
a (Å) c (Å) B (GPa) B’
3.52a 11.25a 192a 3.22a
3.54a 11.49a 189a 3.27a
3.59a 11.31a 190a 3.39a
3.539c 11.3c – –
3.61d 11.39d
3.621e 11.37e
3.518f 11.29f
M. Derras et al. / Results in Physics 3 (2013) 219–230 225ordering below the Neel temperature of TN  70 K [67]. Recent
studies have shown a clear evidence of coupling between the fer-
roelectric and magnetic ordering in YMnO3 [68]. Experimentally,
at room temperature YMnO3 is found to be ferroelectric with a lay-
ered-type hexagonal structure (space group P63cm) with six for-
mula units per unit cell aHex = 6.155 Å, and cHex = 11.403 Å [69].
Posadas et al. reported from the diffraction scans, mentioned that
the YMnO3 ﬁlms are determined to be relaxed with lattice con-
stants a = 6.13 Å and c = 11.38 Å [70], whereas other works have gi-Fig. 5. The calculated GGA + U band structures for the ferromagnetic and G-type anti-fer
with GGA, (b) G-type anti-ferromagnetic (G-AFM) Up and Dn with GGA.ven different experimental values for this structure (a = 6.125 Å
and c = 11.41 Å [56,71], a = 6.1469 Å [72,73] and c = 11.437 Å
[72,74], a = 6.145 Å, c = 11.42 Å [72,41], a = .1387 Å, c = 11.4071 Å
[72,75], and a = 6.125 Å, c = 11.41 Å [72,76], a = 6.13 Å and
c = 11.3 Å [77]). In another hand, others experimental studies have
given the P63/mmc YMnO3 oxide values (a = 3.539 Å and c = 11.3 Å
[78], a = 3.61 Å and c = 11.39 Å [56], a = 3.621 Å, and c = 11.37 Å
[79]), these values agree successfully with our obtained results
given in the current paper (see Table 2). Different works haveromagnetic (G-AFM) conﬁgurations respectively: (a) ferromagnetic (FM) Up and Dn
226 M. Derras et al. / Results in Physics 3 (2013) 219–230conﬁrmed that the RMnO3 oxides which have the hexagonal phase
(R@Y, Ho, Er, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb and Py) may be trans-
formed at high temperature (1270 K) and pressure (35–40 Kbar)
to the orthorhombic perovskites-type phase, also they showed
the transition to the cubic structure. From the (Table 1) and (Ta-
ble 2), we see clearly that the GGA + U overestimated the lattice
parameters than the GGA. Our paper is concerned with the hexag-
onal phase within the P63/mmc space group, this structure was
proposed recently as a new candidate for use in non-volatile mem-
ory devices [11,5], this higher-symmetry structure may be consid-
ered as the prototype of theYMnO3 structure at room temperature,
contains two hexagonal layers with equivalent Mn sites that are
ﬁvefold coordinated by oxygens ((non-spin polarized conﬁguration
a = 3.52 Å, and c = 11.25 Å using GGA), and (a = 3.54 Å, and
c = 11.49 Å, a = 3.59 Å, and c = 11.31 Å using GGA and GGA + U
respectively for the ferromagnetic conﬁguration)) (see Table 2).
Our results agree very well with other theoretical and experimen-
tal works (a = 3.518 Å and c = 11.29 Å [33], a = 3.539 Å, and
a = 3.61 Å and c = 11.39 Å [41]). Our aim is to give a detailed char-
acterization on this material, to show other speciﬁc physical prop-
erties for the considerable oxide; to understand the electronic and
magnetic properties for the YMnO3 oxide, for this reason, we inves-
tigated different magnetic conﬁgurations, also to show the spin
effect on all the structures given. We studied the cubic structure,
the spin-non polarized (NSP) conﬁguration, the ferromagnetic con-
ﬁguration, and the anti-ferromagnetic conﬁguration within both
the A and G-type. The work made by Filippetti and Nicola A. Hill
[36] conﬁrmed that the YMnO3 adopts also the cubic structure,
we have already mentioned that the hexagonal properties have
been studied in different works by many researchers but the ideal
cubic structure had not yet been studied widely. From the data, weFig. 6. The calculated GGA and GGA + U total and partial density of states of YMnO3 in th
GGA, ferromagnetic (FM) Up and Dn with GGA + U.know already that this oxide exhibits the anti-ferromagnetic
character, in order to show the nature of its behavior, we discussed
also the magnetic moment for each one. Our results agree very well
with the data. The plots of the calculated total energies vs reduced
volume for different magnetic conﬁgurations (FM, A-AFM, and
G-AFM) are given in (Fig. 3b) using the GGA + U approach for our
considerable YMnO3 oxide. From the calculated bulk modulus
using GGA and GGA + U respectively for the A-AFM conﬁgurations,
we see clearly that it is smaller than others computed for the FM
and G-AFM conﬁgurations, which explain that the cubic YMnO3
oxide is more stable in this conﬁguration than others, this result
conﬁrms that our considerable oxide exhibits the A-AFM character.
3.2. Electronic properties
3.2.1. Band structure and density of states (DOS)
We give a wide study on the electronic structure of the YMnO3
oxide, we treat different magnetic conﬁgurations (NSP, FM, A-AFM
and G-AFM) using GGA and GGA + U as it appears in our paper.
Medvedeva et al. [43] made an electronic structure study on the
YMnO3 oxide in both the hexagonal and the orthorhombic struc-
tures within the LSDA approximation and the LSDA + U method.
They have found that in contrast to the orthorhombic manganites
the d4-conﬁguration degeneracy is already lifted in the high-tem-
perature symmetric hexagonal phase transition indicating that
Mn+3 is not a Jahan-Teller ion, they showed that the lowering of
the symmetry is not connected with (J.T) instability in hexagonal
YMnO3, each of the two hexagonal phase is found to be semicon-
ductor with a band gap of about 1.5 eV. Our calculation in the
current step treats the cubic phase in its different magnetic
conﬁgurations considered in our work. The electronic structuree ferromagnetic conﬁguration respectively, (a) ferromagnetic (FM) Up and Dn with
M. Derras et al. / Results in Physics 3 (2013) 219–230 227examined both the band structure and the densities of states for
the different magnetic conﬁgurations studied here using the GGA
and GGA + U. The (Fig. 4) illustrated the band structure and the to-
tal and partial density of states for the cubic YMnO3 oxide using the
GGA, whereas the (Fig. 5) shows the band structure for both the
ferromagnetic and G-type anti-ferromagnetic conﬁgurations using
the GGA + U. The (Fig. 6) is given with GGA + U for the total and
partial densities of states for the FM conﬁguration, whereas the
(Figs. 7 and 8) show the total (DOS) and partial densities (PDOS)
of states for the A-AFM and G-AFM conﬁgurations of the cubic
YMnO3 oxide using GGA + U, because it appears that the GGA + U
shows the states more clearly than GGA. From these ﬁgures, we
see the contribution of the d-Mn element. The non spin polarized
conﬁguration given by the GGA, illustrated that our YMnO3 oxide
exhibits the metallic behavior, where we see also that the states
are dominated by the d-states of the manganese (Mn) atom, and
small contribution of the p and d-states of the Yttrium (Y) atom.
The band structure for the ferromagnetic (FM) conﬁguration
showed the semiconducting behavior, where we found an indirect
band gap with transition (R-C), and the down states showed a lar-
ger band gap than the Up states. Here, also the higher contribution
of the d-states than the others states in the manganese element is
present. We noted also the contribution of both p and d states ofFig. 7. The calculated GGA and GGA + U total and partial density of states of YMnO3 in th
with GGA + U.the yttrium (Y) atom, and the p-states of the oxygen are not higher
with GGA and GGA + U. We revealed the same remark where we
examined both densities of states of the A-AFM, and the G-AFM
conﬁgurations using both approaches. It is very clear that the
yttrium atom has a small contribution than the others atoms,
whereas the d-states of the manganese dominated all the ﬁgures
illustrated in our paper. The difference between the GGA and
GGA + U approaches appears very well by the ﬁgures showed here,
we see from them that the GGA + U showed the states of the con-
siderable oxide accurately, especially the d-states localized in the
region of (10 to 3 eV), a big pic of the d-Mn1 states in the Dn
region is found at 3 eV, whereas the d-Mn1 states pic for the Up
region is found at 10 eV,and the pic of the d-Mn2 states (Up
region) is given at 3 eV for the G-AFM conﬁguration. The
A-AFM DOS plots show that a high d-Mn1 and d-Mn2 states from
10 to 10 eV. The contribution of the s and p states of the manga-
nese and oxygen atoms, in all the magnetic conﬁgurations studied
is very small. Both the anti-ferromagnetic conﬁgurations A and G
showed the semiconducting behavior.
3.2.2. The magnetic moment
The detailed study given in this paper on the structural proper-
ties of the YMnO3 oxide within different magnetic conﬁgurationse A-type anti-ferromagnetic (A-AFM) conﬁguration respectively, (A-AFM) Up and Dn
Fig. 8. The calculated GGA and GGA + U total and partial density of states of YMnO3 in the G-type anti-ferromagnetic (G-AFM) conﬁguration respectively, (G-AFM) Up and Dn
with GGA + U.
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examination of the magnetic moment, this step allowed several
information’s on the magnetic interaction in our oxide. In order
to ﬁnd the spin effect on all the ground state properties investi-
gated here for our oxide, we illustrated in (Table 3) the calculation
of the magnetic moment for the cubic and hexagonal ferromag-
netic conﬁgurations , whereas we showed in (Table 4) the mag-
netic moment l (Bohr Magneton) computed by GGA and
GGA + U for the A-AFM and G-AFM conﬁgurations respectively.
We compute the magnetic moment lMn of the B atoms which is
the ion of the manganese (Mn) element. The results showed that
the magnetic moment of the Mn element lMn is much inﬂuenced
by the use of the U-Hubbard term, which has overestimated it in
all the magnetic conﬁgurations studied in our work. Other remark
is noticed from the tables, that the magnetic moment of the A-AFM
conﬁguration is very high than others, we see clearly the value of
4.217 (Bohr Magneton) given by GGA + U, whereas the values of
the FM and G-AFM are respectively 3.851 and 4.140 (Bohr Magne-
ton). Also we see that the magnetic moment of ferromagnetic con-
ﬁguration of the 4H hexagonal phase is very small in comparison
with the cubic phase, this remark let us to say that the cubic struc-
ture shows more remarkable properties (magnetic interaction andthe magnetic properties) than the hexagonal structure. Here, also
the GGA + U is represented as more accurate than the GGA, it gives
different interpretation and more comprehension of the d-states
on the YMnO3 oxide, whereas a corrected exchange and correla-
tion potential is employed within the U-Hubbard Hamiltonian
which has also increased our quality result. The GGA + U showed
very well the magnetic interaction, where we see that high degree
of the magnetic moment values are essentially due to the presence
of the manganese element on the considerable oxide, this remark
also is given in Hamdad’s work [32] in the BaMnO3 analysis. This
inﬂuence is essentially due to the U-Hubbard Hamiltonian intro-
duced in our calculation, we noted that this term treats with efﬁ-
ciency the localized on-site Coulomb interaction using U-term and
the exchange interaction using the J factor to treat the localized d
states in the manganese atoms. This phenomenon appears clearly
in both densities of states and charge densities in both states Up
and Dn whereas the ﬁgures showed very clearly the high contribu-
tion of the d-states of the manganese element Mn.
3.2.3. Charge densities analysis
To explain the nature of the chemical bonding on the yttrium
manganese oxide YMnO3, we examined using the GGA + U the
Table 3
Calculated magnetic moment lMn (Bohr Magneton) of the YMnO3 oxide in the
ferromagnetic conﬁguration (FM) for both cubic and hexagonal structures, obtained
with GGA, LSDA + U, and GGA + U calculations.
Structure Cubic Hexagonal
Conﬁguration Ferromagnetic (FM)
Magnetic moment lMn lMn
GGA 3.514a 1.758a
GGA + U 3.851a 2.427a
a Values obtained from our calculations.
Table 4
Calculated magnetic moment lMn (Bohr Magneton) of the YMnO3 oxide in the A-AFM
and the G-AFM for the cubic structure obtained with GGA, LSDA + U, and GGA + U
calculations.
Structure conﬁgurations Cubic
A-AFM G-AFM
Magnetic moment lMn1 lMn2 lMn1 lMn2
GGA 3.412a 3.413a 3.650a 3.991a
GGA + U 4.217a 3.397a 4.140a 4.693a
a Values obtained from our calculations.
Fig. 9. Contour plot of the total valence charge density calculated by GGA + U for the
G-type anti-ferromagnetic (G-AFM) for spin Up and spin Dn. considered in our work.
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minorities Dn) illustrated in the (Fig. 9). From these ﬁgures, we
see clearly that three types of chemical bonding nature exist. The
covalent bonding is dominated by theMn–Mn elements; this bond-
ing is essentially due to the hybridization between the d-states on
the manganese atom which played the important role in the
YMnO3 system. We see also, the ionic character between the
(Y–O) with a weak covalence degree, it is essentially due to the
hybridization between s-Y states and 2p-O states, whereas the
chemical nature bonding between the Mn-O atoms is considered
as covalent with a weak degree of iconicity, essentially due to
the O element behavior. The implementation of the U-Hubbard
Hamiltonian on the Coulomb interaction inside orbitals has in-
creased our comprehension, because the corrected exchange and
correlation potential added in the GGA + U allowed more details.
Finally, we show also the ionic character which exists betweenthe (O–O) atoms. The same remark is revealed within the spin Up
and the spin Dn states showed in our paper, we noted that the
differences are very slight, but we noted that the Dn states show
higher contribution of the d-Y states than Up states.4. Discussion and summary
In the present work, we report a detailed study investigated on
the considerable YMnO3 oxide, whereas we examined the ground
state properties using GGA-DFT and GGA + U-DFT + U based on
the First-principle calculation. Our calculation illustrated a detailed
comparison between two approaches employed in the Wien2K
package. We studied the parameters’ lattices of both the hexagonal
and cubic phases using GGA and GGA + U approaches. We noted
that different magnetic conﬁgurations are investigated for the
cubic structure (NSP, FM, A-AFM, and G-AFM) for the perovskite
YMnO3 oxide, whereas the hexagonal four layered (4H) is exam-
ined with (NSP and FM) conﬁgurations. The GGA + U have given
more accurate results. The electronic structure and the magnetic
properties of the considerable oxide (densities of states, band
structure, charge densities, and magnetic moment) are studied
by the two approaches with a comparative context. The new theo-
retical calculation is based on the DFT + U description had
increased our obtained results. It consists to employ the exact
exchange and correlation potential using the U-Hubbard Hamilto-
nian, this new treatment gives more accurate results, a wide com-
prehension of the behavior system, and shows more clearly and
exactly the electronic structure and the magnetic properties of
the oxide.
From our detailed study, we concluded that:
(a) The structural properties showed that the YMnO3 oxide
exhibits the A-AFM character in the cubic phase, whereas
this phase showed important magnetic properties.
(b) The magnetic moment is overestimated by the GGA + U than
the GGA.
(c) The manganese element showed a higher magnetic interac-
tion than others elements in our oxide.
(d) The non-spin polarized conﬁguration showed the metallic
behavior, whereas all the other conﬁgurations considered
here for the cubic phase showed the semiconducting
behavior.
(e) Three types of chemical bonding nature exist in the YMnO3
oxide: the covalent one which is dominated by the Mn–Mn
elements, essentially due to the hybridization between the
d-states on the manganese atom. The ionic character is
found between the (Y–O) elements, whereas the (O–O) bon-
dings are typically ionic.
(f) The implementation of the U-Hubbard term overestimated
our results and increased their qualities.
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